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ABSTRACT: 

PURPOSE: To realize a practical growth rate and a controllability of a film 
thickness at an atomic layer level by a method wherein a semiconductor crystal 
growth device is provided with a growth tank provided with an evacuation 
means, 

a dichlorosilane decomposition cell for introducing SiCI<SB>2</SB> gas in the 
tank and a reducing gas introducing cell for introducing reducing gas in the 
tank. 

CONSTITUTION: SiCI<SB>2</SB> gas is fed by a dichlorosilane 
decomposition 

cell 20. The flow rate of a dichlor-silane is set at 1 to lOsccm. As reducing 
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gas, AsH<SB>3</SB> gas or atomic hydrogen gas is used. These gases are 
introduced in a growth tank 22 through a reducing gas feeding cell 21 . In the 
cell 21, the introducing gases are activated by heated tungsten filaments 23. 
The flow rates of the reducing gases are set at 10 to 20sccm. An Si substrate 
24 having the face (100) is heated to a growth temperature of 600°C by 
heaters 25. The tank 22 is evacuated by a turbo-molecular pump 26 having an 
exhaust velocity of 10001/s. A background pressure in the tank 22 is set at 
1 0<SP>-9</SP>Torr or lower. 
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Disclaimer: 

This English translation is produced by machine translation and may contain errors.The JPO; the INPIT, and and those who 
drafted this document in the original language are not responsible for the result of the translation. 

Notes: 

1 . Untranslatable words are replaced with asterisks (****), 

2. Texts in the figures are not translated and shown as it is, 
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CLAIMS 
[Claim(s)] 

[Claim 1] The growth tub equipped with the vacuum exhaust air means, and the dichloro 
SHIRAN decomposition cell which introduces SiCI2 into this growth tub, It is semiconductor 
crystal growth equipment which is equipped with the reducing gas introduction cell which 
introduces reducing gas into said growth tub, and said dichloro SHIRAN decomposition cell is 
equipped with the dichloro SHIRAN introduction pipe which introduces dichloro SHIRAN in a 
cell, and the thermal cracking pipe which connects with this introductory pipe and carries out 
thermal cracking of dichloro SHIRAN, and is characterized by things. 

[Claim 2] The Si single crystal growth method which is the growing-in ultrahigh vacuum method 
(UHV-CVD) of Si single crystal using the semiconductor crystal growth equipment indicated to 
Claim 1 , and is characterized by supplying SiCI2 and reducing gas. simultaneously on the 
substrate in a growth tub. 

[Claim 3] The Si single crystal growth method which is the growing-in ultrahigh vacuum method 
(UHV-CVD) of Si single crystal using the semiconductor crystal growth equipment indicated to 
Claim 1, and is characterized by supplying SiCI2 and reducing gas by turns on the substrate in 
a growth tub. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the growth equipment and the growing-up 

method of a semiconductor crystal, especially Si single crystal. 

[0002] 

[Description of the Prior Art] Si device represented by the memory requires the miniaturization 
of each device for improvement in the speed and high integration. For example, in a bipolar 
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transistor, although thie device which has 0.2-0.3-micrometer base layer thickness 
conventionally was a center, base layer thickness needs to be 0.1 micrometer or less in the 
future. In such a detailed device, formation of a steep impurities profile and control of the 
impurities diffusion in a process become important. As a means to realize these demands The 
vapor phase epitaxy method (UHV-CVD) in an ultrahigh vacuum was developed (B. 
S.Meyerson, E.Ganin, D.A.Smith and T.N.Nguyen, Journal of Electrochemical Society, the 
133rd volume, 1232 pages, 1986). UHV-CVD makes material gas Silang (SiH4) and JISHIRAN 
(Si2H6), and grows under an ultrahigh vacuum, and low-temperature growth of about 600 
degrees C and selection growth are possible for it ~ etc. ~ it has the feature. According to this 
growing-up method, since the doping layer of a device can be made from low-temperature 
growth, diffusion of impurities is controlled and a steep doping profile is obtained. Moreover, 
selection growth is used and a cell FUARA in process is realized easily. 
[0003] 

[Problem to be solved by the invention] Silang and JISHIRAN are ****(ed) on the substrate 
surface, serve as Si atom, and contribute to growth. However, there was a problem that these 
gas had a small adhesion coefficient in the surface, and **** efficiency was bad. For this 
reason, a part of supplied material gas contributes to growth, but materials use efficiency is 
very low. Since an adhesion coefficient was increased, it was possible to make material gas 
decompose beforehand and to supply on a substrate, but since the steam pressure of Si atom 
produced by decomposition was low, it was difficult to supply on a substrate. Furthermore, 
problems, such as being narrow, also had the growth conditions on which selection growth is 
realized. This invention coped with the conventional situation which was described above, was 
made, and aims at offering the semiconductor crystal growth equipment and the growing-up 
method for realizing film thickness control nature of a practical growth rate and an atomic layer 
level in UHV-CVD growth of Si single crystal. 
[0004] 

[Means for solving problem] The growth tub which this invention equipped with the vacuum 
exhaust air means, and the dichloro SHIRAN decomposition cell which introduces SiCI2 into 
this growth tub, Have the reducing gas introduction cell which introduces reducing gas into 
said growth tub, and [ said dichloro SHIRAN decomposition cell ] It is semiconductor crystal 
growth equipment which is equipped with the dichloro SHIRAN introduction pipe which 
introduces dichloro SHIRAN in a cell, and the thermal cracking pipe which connects with this 
introductory pipe and carries out thermal cracking of dichloro SHIRAN, and is characterized by 
things. 

[0005] [ moreover, the Si single crystal growth method using this growth equipment ] It is the 
growing-in ultrahigh vacuum method (UHV-CVD) of Si single crystal. It is characterized by 
supplying SiCI2 and reducing gas simultaneously on the substrate in a growth tub, or it is the 
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growing-in ultrahigh vacuum method (UHV-CVD) of Si single crystal, and is characterized by 

supplying SiCI2 and reducing gas by turns on the substrate in a growth tub. 

[0006] 

[Function] SiCI dyad has strong polarity, and it sticks to a surface dangling bond, without **** 
. (ing). For this reason, compared with Silang or JISHIRAN, an adhesion coefficient is high. 01 
atom is desorbed from the surface with reducing gas, such as atomic hydrogen. 01 [ with 
atomic hydrogen ] As HOI ****ing easily is reported (0. - 0. - [ Oheng and ]) S.R. Lucas. 
H.Gutlebe, and WJ.Ohoyke and J.T.YatesJr. a journal OBU American chemical society, the 
114th volume, 1249 pages, 1992, Rapid growth speed is realized as compared with UHV-OVD 
which used Silang and JISHIRAN as materials as a result. Furthermore, since SiOI2 are 
efficiently generated by cracking of dichloro SHIRAN (SiH20l2), they are excellent also in 
adjustment with conventional UHV-OVD growth equipment. When there is no reducing gas, 01 
sticks to stability on Si surface to 700 degrees 0. In order that SiOI2 may not adsorb to the 
surface by which 01 termination was carried out, the amount of SiOI2 adsorption in the surface 
is saturated when 01 covering rate reaches one molecular layer. Therefore, by supplying SiOI2 
and reducing gas by turns, the growth rate per supplies cycle is not based on the SiOI2 amount 
of supply, but is saturated. This becomes possible to control growth by an atomic layer level. 
[0007] 

[Working example] The example of this invention is explained in detail hereafter. Drawing 2 is 
the composition figure of the dichloro SHIRAN decomposition cell by this invention. Dichloro 
SHIRAN is introduced into a decomposition cell with the introductory pipe 10, and is 
decomposed into SiOI2 and H2 in the thermal cracking pipe 12 heated at the heater 1 1 made 
from tantalum. The thermal cracking pipe 12 is pBN or a product made from quartz, and the fin 
13 is formed in order to raise decomposition efficiency. Drawing 1 is the composition figure of 
the semiconductor crystal growth equipment by this invention. SiOI2 gas is supplied by the 
dichloro SHIRAN decomposition cell 20. Flux of dichloro SHIRAN was taken as 1 - lOsccm. 
AsH3 or atomic hydrogen was used as reducing gas. These gas is introduced in the growth tub 
22 from the reduction gas supply cell 21 . Introductory gas is activated by the heated tungsten 
filament 23 in the reduction gas supply cell 21. Flux of reducing gas was taken as 10 - 20sccm. 
The Si (100) board 24 is heated by the growth temperature of 600 degrees 0 at a heater 25. 
The growth tub 22 is exhausted by the turbo molecular drag pump 26 of exhaust air speed 
1000 l/s. The background pressure of the growth tub 22 is 10 to 9 or less Torr. 
[0008] The dichloro SHIRAN decomposition cell temperature dependence of the growth rate 
when supplying SiOI2 and hydrogen on a substrate simultaneously at drawing 3 is shown. The 
dichloro SHIRAN flux and hydrogen gas flux which supply substrate temperature to 600 
degrees 0 and a decomposition cell were taken as 5sccm and lOsccm, respectively. By 
decomposition cell temperature being 800 degrees 0 from this figure shows that one 10 times 
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the Si growth rate of this is realized as compared with the time of cell temperature being room 
temperature. As well as the case of hydrogen gas when it used AsH3 instead of hydrogen gas 
as reducing gas, increase of the growth rate was observed. Growth which used Silang as 
materials instead of dichloro SHIRAN using the same equipment was performed for 
comparison. Growth was performed on the same conditions as the time of using dichloro 
SHIRAN, and temperature of the dichloro SHIRAN decomposition cell was made into room 
temperature. Si growth rate at this time was 1/10 or less [ of the growth rate by dichloro 
SHIRAN when decomposition cell temperature is 800 degrees C ]. Therefore, it became clear 
that a growth rate higher than UHV-CVD which used Silang as materials by this invention is 
obtained. Moreover, when the substrate which deposited Si02 on Si (100) was used, on the 
above-mentioned growth conditions, it was not based on dichloro SHIRAN flux, and deposition 
of Si was not seen. Therefore, in Si growth by this invention, it became clear that selection 
growth is realized. 

[0009] Drawing 4 is the figure showing the relation of the dichloro SHIRAN supply time and the 
growth rate when supplying SiCI2 and hydrogen on a substrate by turns. The dichloro SHIRAN 
flux and hydrogen gas flux by which substrate temperature supplies 600 degrees C and 
dichloro SHIRAN decomposition cell temperature to 800 degrees 0 and a decomposition cell 
were taken as 5sccm and lOsccm, respectively. As for a growth rate, this figure shows that 
dichloro SHIRAN supply time is saturated with 0.5 atom layer per 1 cycle in 4 seconds or 
more. This phenomenon is understood as follows. That is, carrying out dissociative adsorption 
of SiCI2 to SiCI and CI on Si surface is known, and CI which ****(ed) forms Si of a substrate, 
and Si-CI combination. These Si-CI combination is very stable, and SiCI2 do not stick to the 
surface by which CI termination was carried out. Therefore, all the surfaces are covered with CI 
by the SiCI2 adsorption for 0.5 atom layer when SiCI2 are supplied to Si surface. If reducing 
gas is supplied after this, surface CI will ****, and it will not be based on SiCI2 flux as a result, 
but Si for 0.5 atom layer will accumulate. If this phenomenon is used, it will become possible 
not to be based on the amount of material provisioning, but to control the film thickness of Si 
by an atomic layer level, and high uniform growth will be realized to a large area board. 
[0010] 

[Effect of the Invention] As explained above, according to this invention, rapid growth speed is 
realized in Si growth by UHV-CVD. Moreover, it became clear in the large growth condition 
range for selection growth to be possible. Moreover, when SiCI2 and reducing gas are 
supplied by turns, the phenomenon which does not depend on SiCI2 flux but for which it 
depends only on a supplies cycle is observed, and film thickness control is [ as opposed to / by 
this / a large area board ] possible for a growth rate on an atomic layer level. 



[Translation done.] 
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